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(54) GLASS SUBSTRATE FOR MAGNETIC DISK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a glass substrate for a 
magnetic disk, which has high recording density and high 
reliability. 

SOLUTION: This glass substrate has an information recording 
surface 13 for recording information on the substrate surface 
and substantially no chemically strengthened layer, wherein the 
surface roughness Ra (defined in JIS B 0601) of the information 
recording surface is <2.0 nm; water resistance of the glass, 
measured as described in JIS R 3502, is <0.2 mg (expressed in 
terms of amount of alkali-eluted matter); and the linear 
expansion coefficient of the glass at 30-380° C is 60 x 10-7 to 
100X10-7/ 0 C. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The glass substrate for magnetic disks characterized by the line coefficient of thermal 
expansion of glass [ in / in the water resisting property of the glass with which it is the glass substrate 
for magnetic disks with which the information recording surface for recording information is prepared in 
a front face, and a chemical-strengthening layer does not exist substantially, but field granularity Ra of 
an information recording surface is measured by 2.0nm or less and JIS-R3502 / 0.2mg or less and 30- 
380 degrees C ] being 60 - 100x10-7/degree C by the alkali elution volume. 

[Claim 2] The glass substrate for magnetic disks according to claim 1 with which the water resisting 
property of the glass measured by JIS-R3502 is characterized by being 0.1 mg or less in an alkali elution 
volume. 

[Claim 3] The glass substrate for magnetic disks according to claim 1 characterized by having the 
presentation of 203:0 - 10% of Ln(s) (Ln expresses Gd, Tb, Dy, Ho, Er, Tm, Yb, or Lu) with weight 
percent 2:0 - 5% of ZrO(s), and R2O:7.5-20% (R expressing alkali metals) 2:50 - 70% of SiO(s), 203:5 - 
20% of aluminum, B-2O3:6-20%, and ZnO:0-10%. 

[Claim 4] The glass substrate for magnetic disks according to claim 3 which R20 (R expresses alkali 
metals) consists of Li20:2-7%, Na20:4-15%, and K2O:0-15%, and is characterized by the ratios of Li2 
0/Na20 being 0.4-0.6. 

[Claim 5] The glass substrate for magnetic disks according to claim 3 characterized by Ln 203 being 1 - 
5%. 

[Claim 6] The glass substrate for magnetic disks of claim 1-5 characterized by coming to carry out 
etching processing of the end face and/or beveling side of a substrate given in any 1 term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention has good chemical durability with respect to the glass 
substrate for magnetic disks, and there is little generating of the crack by the surface minute impact 
and the field granularity of the information Records Department is further related with small high- 
reliability and the glass substrate for magnetic disks suitable for high density record. 
[0002] 

[Description of the Prior Art] As a record medium for the personal computers of a notebook mold, the 
2.5" magnetic disk drive is carried in current and the Lord. The glass magnetic-disk substrate in which 
is hard to the magnetic disk made from aluminum currently used for this common magnetic disk drive, 
and cannot transform 2.5" into it easily from the former as a substrate of a magnetic disk, and surface 
smoothness is excellent is used. There are a chemically-strengthened-glass substrate which carried out 
the chemical strengthening of the soda lime glass, and a glass-ceramics substrate in this glass 
substrate by which current utilization is carried out. By the way, in order to make the storage capacity 
per unit area of a magnetic disk increase and to reduce the flying height of the magnetic head of the 
Records Department more, development of the magnetic disk which has a still more more smooth 
recording surface still now is furthered. 

[0003] The suitable glass constituent for glass substrates for manufacture of the large-sized plasma 

display by float glass process shaping is indicated by JP f 8-1 651 38,A. 

[0004] 

[Problem(s) to be Solved by the Invention] In the amorphous glass substrate by which the chemical 
strengthening was carried out, the smooth recording surface demanded as a magnetic disk with an 
advance of a polish technique can be made comparatively easily. However, since the front face of 
chemically strengthened glass has chemically unstable alkali ion with the permuted large ionic radius, a 
problem is in weatherability, in case it is a prolonged activity, under the environment of heat and high 
humidity, this alkali ion may move to a substrate front face, and may deposit, and defects, such as 
degradation of the magnetic properties of a magnetic film, peeling of the film, and adhesion, may be 
produced. In this case, loss will be done for ****** that the important data already recorded are lost as 
well as losing the function as a magnetic disk. 

[0005] Since the particle of a different crystalline substance from it in amorphous glass is generating 
one glass-ceramics substrate innumerably, a polish rate changes with hardness differences of glass and 
a crystal, and it cannot make a recording surface with sufficient smooth nature which can respond to 
the further densification for which the magnetic disk is asked. 

[0006] Moreover, the glass constituent for substrates indicated by JP,8-165138,A is the thing of the 
glass substrate for PDP (plasma display panel) which can be fabricated with a float glass process, in 
order to make chemical durability increase, the oxide of La of rare earth elements can be made to be 
able to contain, or the oxide of Nd can be made to contain as a coloring agent, but when such so-called 
light rare earth is made to contain, remarkable improvement in a mechanical strength cannot be desired. 
Therefore, a chemical consolidation becomes indispensable when it is going to use this as a glass 
substrate for magnetic disks. Moreover, the chemical stability in that case cannot be said to be fitness. 
The object of this invention is offering the glass substrate for magnetic disks of high recording density 
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and high-reliability. 
[0007] 

[Means for Solving the Problem] In order to offer the magnetic disk of high recording density and high- 
reliability, it must be compatible as a glass substrate used there in the outstanding weatherability which 
has improved the fault of chemically strengthened glass or glass ceramics, and high field smooth nature. 
Furthermore, since a magnetic disk is fixed to the metal spindle of a motor by the chuck made from a 
metal or a ceramic in a magnetic disk drive, adjusting the line coefficient of thermal expansion of the 
glass substrate for magnetic disks with them is called for. 

[0008] Then, the glass substrate for magnetic disks of this invention is a glass substrate for magnetic 
disks with which the information recording surface for recording information is prepared in a front face, 
and a chemical-strengthening layer does not exist substantially but it is characterized by the line 
coefficient of thermal expansion of glass [ in / in the water resisting property of the glass with which 
field granularity Ra of an information recording surface is measured by 2.0nm or less and JIS-R3502 / 
0.2mg or less and 30-380 degrees C ] being 60 - 100x10-7/degree C by the alkali elution volume. In the 
glass substrate for magnetic disks of this invention, field granularity Ra of a recording surface is 
restricted to 2.0nm or less. Although this needs to reduce the flying height of the magnetic head and 
needs to bring it close by the recording surface of glass in order to raise recording density, it is because 
low floatation-ization is not expectable in the inadequate smoothness with which field granularity Ra of a 
recording surface exceeds 2.0nm. 

[0009] The alkali elution volume measured by JIS-R3502 is restricted to 0.2mg or less, this — the water 
resisting property of glass — the weatherability of a magnetic disk — close — related — — the 
water resisting property of glass — low — becoming (= an alkali elution volume increasing) — it is for 
the weatherability of a magnetic disk also falling. If the alkali elution volume specifically measured by 
JIS-R3502 exceeds 0.2mg, the magnetic disk which has sufficient weatherability will not be obtained. As 
glass for magnetic disks stabilized more, it is desirable that it is 0.1 mg or less. 
[0010] the line coefficient of thermal expansion of glass — 30-380 degrees C — setting — 60 - 
100x10-7/degree C — it is more preferably limited to 70 - 90x10-7/degree C. Since it differs from it of 
a spindle or a chuck greatly when the coefficient of thermal expansion of the glass substrate for 
magnetic disks separates from the above-mentioned range, by the temperature change of the repeat by 
a disk revolution, sliding of a head, change of atmospheric temperature, etc., immobilization with a 
spindle shifts and R/W of record becomes impossible. 

[0011] The substrate of this invention is characterized by not forming the chemical-strengthening layer 
in the surface section substantially. Formation of the chemical-strengthening layer will reduce 
weatherability. Moreover, the problem that the incidence rate of the crack by the minute impact 
becomes high is also produced. Moreover, as for the substrate of this invention, it is desirable that 
etching processing of the end face and beveling side of a periphery is carried out by fluoric acid, 
hydrofluoric and nitric acid, buffered fluoric acid, etc. in order to remove the minute blemish by 

processing. If this processing is made, even if it does not carry out a chemical strengthening, a 
chemically-strengthened-glass substrate and the flexural strength more than equivalent can be 
obtained. If it etches to the glass which contained rare earth oxide especially as a glass component, 
very high reinforcement can be obtained. 

[0012] The substrate for magnetic disks with which may be satisfied of the above-mentioned property 
With weight percent, for example, 2:50 - 70% of SiO(s), 203:5 - 20% of aluminum, B-2O3:6-20%, ZnO:0- 
10%, 2:0 - 5% of ZrO(s), R20: It is producible 7.5-20% (R expresses alkali metals) from the glass which 
has the presentation of 203:0 - 10% of Ln(s) (Ln expresses Gd, Tb, Dy, Ho, Er, Tm, Yb, or Lu). In 
addition to the above-mentioned property, the glass substrate which has this presentation has high 
mechanical strengths, such as Vickers hardness and flexural strength, and it is not necessary to form a 
chemical-strengthening layer in the surface section like soda lime glass. The reason which limited the 
presentation range of glass to below is explained. 

[0013] If the inclination for a coefficient of thermal expansion to become small if Si02 which is the 
indispensable component which makes the matrix of glass exceeds 65% becomes strong and exceeds 
70%, viscosity becomes very high, the dissolution will be difficult for Si02 and it will serve as a stria and 
glass with many air bubbles. On the other hand, if it becomes less than 55%, there is an inclination which 
the degree of hardness practically called for as a glass substrate for magnetic disks stops being able to 
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acquire easily, at less than 50%, the elution volume of a modifier oxide to water, such as an alkali 
component, will increase, and weatherability will retreat greatly. Furthermore, Vickers hardness and 
flexural strength fall remarkably. 

[0014] aluminum 203 is a component effective in raising the endurance of glass and suppressing 
devitrification of glass. If it is necessary to make aluminum 203 contain 5% or more and and is made to 
contain 8% or more in order to acquire the above-mentioned effectiveness, it is effective in control of 
the crack initiation of glass. If it is in the inclination for a coefficient of thermal expansion to become 
small, like the case of Si02 on the other hand when aluminum 203 exceeds 1 7%, and it exceeds 20%, the 
viscosity of glass will become high and the dissolution will become difficult. 

[0015] B-2 03 makes viscosity of glass small, and promotes melting. Moreover, addition of optimum 
dose has effectiveness in improvement in weatherability. In order to acquire the above-mentioned 
effectiveness, it is necessary to make B-2 03 contain 6% or more. However, since the coefficient of 
thermal expansion of glass will tend to become small and the elution volume of boron will increase in 
reverse in a waterproof trial if it is made to contain exceeding 15%, it is easy to become instability 
chemically. If it exceeds 20%, while weatherability will retreat further, the evaporation at the time of 
melting increases, and homogeneous high glass is no longer obtained. 

[0016] If ZnO is added, while promoting the dissolution of glass, it is effective in raising the endurance of 
glass. It becomes [ the effectiveness ] more remarkable and is desirable when it is made to contain 
especially 0.5% or more. However, it will be necessary to enlarge the motorised force required if it is 
made to contain exceeding 6%, in order for the specific gravity of glass to become large and to rotate a 
magnetic disk, and if it exceeds 10%, the increase of the devitrification nature of glass and homogeneous 
high glass will no longer be obtained. 

[0017] When Zr02 is added, it is effective in raising the endurance of glass. It becomes [ the 
effectiveness ] more remarkable and is desirable when it is made to contain in 0.5 - 4% of range 
especially. However, if it is made to contain exceeding 5%, while glass melting will become difficult, the 
devitrification nature of glass increases. Alkali-metal oxides, such as Li20 expressed with R20, Na20, 
and K20, are components indispensable although the line coefficient of thermal expansion of glass is set 
as 60 - 100x10-7/degree C, and its operation as a fusing agent is also large. In order to acquire the 
above-mentioned effectiveness, R20 is required 7.5% or more, and if it is made to contain in 11 - 18% of 
range especially, a coefficient of thermal expansion will tend to serve as a value proper as a glass 
substrate for magnetic disks. Since the elution volume from glass increases substantially while a line 
coefficient of thermal expansion is too large, when it exceeds 20%, it becomes impossible however, to 
obtain a reliable magnetic disk. 

[0018] Moreover, when R20 is seen according to an individual, for Li20, Na20 is [ K20 of the range 
where each component is desirable ] 0 - 15% 4 to 15% 2 to 7%. Especially Li20 has the remarkable 
effectiveness of raising a line coefficient of thermal expansion, and since the content of an alkali-metal 
oxide can be reduced as a result by using this as an indispensable component, coexistence of high 
weatherability and the comparatively high coefficient of thermal expansion beyond 70x10-7/degree C 
becomes possible easily. In addition, if it is hard to obtain Li20 at less than 2% and the above-mentioned 
effectiveness exceeds 7%, the elution volume of Li20 will increase and it will become easy for a water 
resisting property to fall. Moreover, if it is difficult for Na20 to obtain a coefficient of thermal expansion 
high at less than 4% and it exceeds 15%, while a coefficient of thermal expansion will become high too 
much at reverse, the elution volume from glass tends to increase. If K20 exceeds 15%, while evaporation 
increasing at the time of glass melting and being hard coming to obtain homogeneous glass, the elution 
volume of K20 tends to increase. If Li2 0/Na20 is furthermore in the range of 0.4-0.6 by the weight 
ratio, a very high water resisting property will be obtained. The elution volume of Na20 tends to 
increase that this value is less than 0.4, and if 0.6 is exceeded, the elution volume of Li20 will tend to 
increase. 

[0019] Although it is desirable to add since the lanthanoids oxide of Gd 203 expressed with Ln 203 and 
Er203 grade has the effectiveness which raises the degree of hardness of glass, if it exceeds 5%, 
internal stress will occur in glass, a crack incidence rate will become high, if it exceeds 10%, a 
consistency will not become high, or the devitrification nature of glass increases and melting of stable 
glass becomes impossible. Moreover, by carrying out etching processing of the substrate containing Ln 
203, it becomes possible to obtain very high disk reinforcement. In this case, it is effective if the 
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content of Ln 203 is in the range which is 1 - 5 % of the weight. In addition, Ti02, R'O (alkaline earth 
metal, such as R'=calciurn, and Mg, Ba), etc. can be added to about 4%, for example for fine adjustment 
of a property and a weatherproof improvement of clarifiers, such as As 203, Sb203, and F, CI, to 1%. 
[0020] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained. Tables 1-4 
show the example (sample No.1-20) of this invention. In addition, the soda lime glass substrate which is 
not strengthened for a comparison, the glass substrate which carried out the chemical strengthening of 
the soda lime glass substrate currently used as a glass substrate for magnetic disks from the former, 
and the glass substrate made from glass ceramics are shown in a table 5. 
[0021] 

[A table 1] 





1 


2 


3 


4 


5 


m 

m 
m 

% 


S i o, 
Ah Oi 
B i O, 
ZnO 
L i a O 
N a » O 
K 8 O 

G d a Oa 
C fl O 

Sb, Os 


6 7.4 
5 . 2 

12.9 
O. 9 

1 O. 3 
1 , 0 

2 . 2 
0. 1 


6 9. 9 
7 . 5 

10. 4 
2. 1 
3 . 7 
6 . 1 

0. 3 


6 1. 7 
7 . 7 
9 . 5 
1 . 9 
3 . 8 
6.0 

9 . 1 

0. 3 


6 6. 7 
7. 9 
10. 2 

1 . 9 
3 . 7 
6 . 5 

2 . 8 
0 . 3 


6 3. 4 
8. 5 
10. 4 

2 . 1 

3 . 7 
6 . 6 
5 . 0 

0 . 3 




Lit0/Na_0 


0 


0, 607 


0. 633 


0. 569 


0. 561 


Sl$Ra [rm] 


1.000 


0. 699 


0.874 


0. 921 


1.054 


JIS-R3502 [bib] 


0. 17 


0.11 


0. 13 


0. 0 4 


0.0 5 


[xio-'/t] 


6 6. 0 


6 7.5 


6 6, 9 


6 6. 8 


8 1.0 




6 8 0 


6 8 5 


7 4 5 


7 10 


7 0 1 




8 0 


7 O 


7 0 


6 5 


4 0 


& if Silt [mpb] 

pfc$C»3_i 


16 5 
4 8 0 


2 0 3 
5 10 


2 10 

6 3 2 


2 0 1 
6 5 8 


19 8 
5 0 3 


fng/l] 


0.62 


0 . 5 2 


0 . 5 6 


0. 2 9 


O. 1 9 




O 


o 


O 


® 




RUt^S tkgf] 


4 . 5 
10. 2 


5. 2 
17.2 


6 . 6 
18.9 


6 . 2 
1 8. 5 


6 . 0 
1 2. 4 



[0022] 
[A table 2] 
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6 


7 


8 


9 


1 0 


is 

m 

j& 

s 
m 

% 


S i o = 

Ah Oj 
B j O, 
ZnO 
Li, O 
N a a O 
K* O 
Gd, 0 3 

Era Oa 

Sbi Oi 
LitO/NatO 


5 9. 9 
12.5 
10. 4 
2. 1 
3 . 2 
6. 6 
5. 0 

0. 3 
0. 485 


5 6. 2 
12. 1 
10. 1 
2. 0 
4 . 1 
7 . 4 
4 . 9 
2 . 9 

0 . 3 

0.554 


5 6. 1 
11.9 
9. 9 
2. 0 
4 . 0 
6. 3 
4 . 8 

4 . 8 

0. 2 

0.635 


6 3. 9 
8 . 5 
10.4 

2 . 1 
4 . 2 
7. 6 

3 . 0 

0. 3 
0.553 


6 6.9 
8. 5 

10.4 
2. 1 
4. 2 
8. 6 

- 

0. 3 

0.488 


©ffi c? R a [nm] 


0. 558 


0.869 


0.902 


0.854 


0.722 


JIS-R3502 [mg] 


0 . 0 4 


0. 0 5 


0.11 


0 . 0 6 


0 . 0 5 


[xicrVt] 


8 0. 1 


8 4. 3 


8 4. 4 


8 2. 5 


7 8. 8 




6 9 8 


7 1 5 


7 1 0 


6 9 2 


6 8 7 




3 0 


3 0 


3 0 


4 0 


4 0 




19 0 
4 9 6 


2 0 0 
7 8 2 


2 14 
7 2 5 


1 9 5 
5 12 


19 9 
4 9 3 


[ing/l] 


0. 2 4 


0 . 2 0 


0. 6 2 


0 . 3 8 


0. 2 2 




® 


© 


o 


@ 






4 . 9 
12.0 


6. 2 
1 7. 8 


6 . 6 
17. 7 


5 . 4 
10. 6 


5 , 9 
10. 2 



[0023] 
[A table 3] 
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1 1 


1 2 


1 3 


1 4 


1 5 


J*. 

m 

A 

IS 
% 


S i Oi 
Alt O) 
B s O, 
Z n O 
Li, O 
N a a O 
K: O 
G d 2 Oj 
Er» 0» 
C a O 
Mg O 
Sb> O. 


6 5. 9 
8. 3 

10. 1 
2. 0 
4. 1 
6. 4 

2 . 9 

0 . 3 


6 1. 6 

8. 5 
10. 4 

2 . 1 
1 . 0 
6. 4 

9. 7 

— 
0. 3 


5 5. 1 
16.2 
8. 1 
3. 0 
2 . 5 
13.0 
2. 0 

— 
O. 1 


5 6. 1 
11.9 
9 . 9 
2 . 0 

6. 3 
4 . 8 
4 . 8 

2. 0 
2 . 0 
0 . 2 


6 4. 9 
8. 6 
10. 4 

2 . 1 
1 . 2 
8. 6 
1 . 0 

3 . 0 

— 

0 . 3 




LitO/N_t»0 


0. 641 


0. 156 


0. 192 


0 


0. 140 


EM £ R a [nm] 


0. B81 


0. 627 


1.216 


0. 848 


0. 778 


J1S-R3502 [togj 


0.17 


0.18 


0.16 


0. 1 5 


0.17 


[no-vc] 


6 6.0 


8 5. 6 


8 6. 4 


8 0. 5 


7 6. 8 


trr*7-*g_& 


7 0 0 


7 0 2 


7 1 2 


7X0 


6 9 8 


:/ *«£!_*[*_ 


4 0 


4 0 


2 0 


3 0 


4 0 


flffSigt [MPa] 


19 8 
6 8 2 


18 9 

4 16 


2 10 
5 11 


2 0 2 
6 5 9 


2 11 

7 2 1 




0 . 5 0 


0 . 5 8 


0 . 4 4 


0 . 5 9 


0 . 5 8 




O 


O 


o 


O 


O 


R$M [kgf] 


5 . 7 
15.4 


4 . 8 

11.2 


6 . 3 

12.5 


6 . 0 

l e . o 


6 . 2 
17. 4 



[0024] 
[A table 4] 
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1 6 


1 7 


I 8 


1 9 


2 0 


m 

a 

% 


S i O, 
Ala O i 
B, O, 

ZnO 
Z r O, 
L i a O 
Na* O 

Ka O 

G d a O j 

S b a Oa 


6 0. 3 
14.4 

8. 3 

4 . 2 

5 . 5 
5. 0 
2 . 0 
0. 3 


5 9. 3 
14.4 
8 . 3 

1 . 0 

4 . 2 

5 . 5 
5. 0 
2. 0 
0. 3 


5 8. 1 
14. 1 
8 . 1 
2. 0 

1 . 0 

3 . 1 
6 . 4 

4 . 9 

2 . 0 
0 . 3 


5 8, 1 
14, 1 
8. 1 
2. 0 
1 . 0 
2. 7 
6 . 8 
4. 9 
2. 0 
0. 3 


5 8. 1 
14. 1 
8 . 1 

2 . 0 

1 . 0 

2 . 8 
6 . 7 
4 . 9 
2. 0 
0. 3 




LiiO/No 3 0 


0.764 


0.764 


0. 484 


0. 397 


0.418 


@& £ R a [nm] 


0. 810 


0.810 


0.750 


0. 802 


0.812 


JIS-R3502 [off] 


0. 1 1 


0. 1 3 


0. 0 6 


0. 1 1 


0.09 


[xio-Vt] 


8 2. 3 


8 1.0 


8 2. 0 


8 0. 6 


8 0. 8 




7 0 0 


7 0 3 


7 15 


7 12 


7 16 


*5 <y *$3£i?5[*] 


2 0 


3 0 


1 0 


2 O 


1 0 ! 


[MPa] 


19 0 
7 5 0 


2 0 1 
6 3 5 


19 5 
7 12 


19 7 
7 2 4 


2 0 1 
7 3 1 


[ng/l] 


0 . 5 1 


0. 5 0 


0. 3 8 


0 . 5 4 


0 . 3 8 




O 


O 




o 


@ 


[kgf] 


5. 0 
16.5 


5 . 5 
15. 9 


5. 2 
16. 2 | 


5 . 6 
17.0 


5 . 5 
17.4 
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> table 5] 














S i Oa 

A 1 a Oa 

C a O 
MgO 
L i i O 
N a 7 O 
K* O 


7 5. 5 
1 . 0 
7 . 5 
3. 0 

12,0 
1 . 0 


7 5. 5 
1 . 0 
7 . 5 
3 . 0 

12.0 
1 . 0 


7 5. 3 
8 . 9 
0 . 5 
0 . 5 

11.6 
3. 2 




0.714 


0.765 


3.242 


JIS-R3502 [mgj 


0.48. 






[uo-'/t] 


8 5. 5 


8 5. 3 


9 8. 2 




6 2 0 


7 11 


7 4 2 




10 0 


10 0 


10 0 




14 8 


5 0 6 


3 2 2 


!>g/i] 


0 . 9 8 


1.05 


1 . 5 2 




X 


X 




Ckgf] 


4. 5 


17. 9 


9. 4 
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[0026] The glass substrate of sample No. 1-20 was prepared as follows. First, weighing capacity of the 
raw material powder of the amount set to become the target glass presentation was carried out, and it 
mixed, it put into the crucible made from platinum, and dissolved at 1600 degrees C in the electric 
furnace. After the raw material fully dissolved, stirring feather was inserted in glass melt and stirred for 
about 4 hours. Then, the glass block was obtained by slushing melt into a fixture for stirring feather, 
after putting for 30 minutes, ejection and. Then, the glass block was reheated and annealed to near the 
glass transition point of each glass, and distortion picking was performed. 

[0027] Subsequently, the obtained glass block was sliced in the disc configuration with a thickness of 
about 1.5mm, and it started using the core drill by making inner circumference and a periphery into a 
concentric circle. Furthermore, beveling processing of the inside-and-outside periphery was carried out 
using the diamond wheel. Then, rough grinding of both sides was carried out, subsequently polishing was 
performed, and the glass substrate for magnetic disks was produced. The last dimension in this example 
was made into 0.635mm in the 2.5" disk of 65mm, i.e., an outer diameter, the bore of 20mm, and 
thickness (this is hereafter called disk 2.5"). 

[0028] The top view of the magnetic-disk substrate by this invention is shown in drawing 1 . This glass 
substrate 10 for magnetic disks is equipped with the inner circumference chuck section 12, the 
information Records Department 13, and the coldhearted news Records Department 14. Here, it is a 
CSS (Contact Start Stop) zone for the tooth space for inner circumference chucks and the magnetic 
head which has surfaced depending on the case to land at the time of a halt in the coldhearted news 
Records Department 14, and the texture is formed. Therefore, information cannot be recorded but 
serves as the coldhearted news Records Department. Actually, since a magnetic film is formed on this 
field and magnetic recording is performed, the other field 13 serves as the information Records 
Department. 

[0029] Drawing 2 is the cross section of the periphery end face of the glass substrate for magnetic 
disks by this invention. As shown in drawing 2 , this glass substrate 10 has the periphery chamfer 
section. As shown in this drawing, the chamfer section 15 is beveled and used for 45 degrees. Although 
not illustrated, it has the inner circumference chamfer section in which the inner circumference end 
face of a glass substrate 10 was similarly beveled by 45 degrees. 

[0030] Drawing 3 is the cross section of the chemically strengthened glass of the example of a 
comparison. Chemically strengthened glass 20 has the chemical-strengthening layer 21 on a front face. 
Compressive stress is applied and strengthened with the chemical-strengthening layer 21 to the 
outermost surface by permuting ion with a small ionic radius like Na ion in glass with ion with a big ionic 
radius like K ion. Moreover, since permuted K ion is high concentration like the surface section, as 
sketched with dot density in drawing, the surface section has high K ion concentration, and K ion 
concentration is decreasing, so that it becomes the interior of glass. 

[0031] Drawing 4 is the cross section of the glass ceramics of the example of a comparison. Inside glass 
ceramics 30, the microcrystal particle 31 with a mean particle diameter of 0.05-0.10 micrometers is 
distributed. By existence of this microcrystal particle 31, growth of a crack is controlled and, as a result, 
the mechanical strength is raised. About each sample, the three-point bending reinforcement of field 
granularity Ra of the recording surface of the glass substrate for magnetic disks, a water resisting 
property, a line coefficient of thermal expansion, the Vickers hardness on the front face of a glass 
substrate, the crack incidence rate by the minute impact, and a glass base material was evaluated by 
the following approaches. Field granularity Ra was evaluated using the sensing-pin-type field granularity 
meter. 

[0032] The water resisting property of a glass base material measured the alkali elution volume by the 
approach based on JIS-R3502. Explanation of the alkali dissolution test method by JIS-R3502 adjusts a 
sample according to the following procedures first. Sample offering glass is washed well, and after drying, 
it grinds, being careful with agate or a mortar. Next, after pass 420 micrometers of standard sieves, 

taking 5g of powder of the magnitude which remains in 250 micrometers of standard sieves, ethyl 
alcohol (99.5 capacity %) is sufficient, washing and removing fines, it dries for 30 minutes in about 125- 
degree C air bath, and saves in a desiccator. Thus, from the adjusted sample, the same number of grams 
as the specific gravity of sample offering glass is measured to accuracy. Moreover, 40 cc distilled water 
is beforehand put in into a round bottom flask, after holding during an ebullition water bath more than for 
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10 minutes, a sample is supplied to a flask, and you wash out the sample which adhered to the inner 
surface of a container wall with ten more cc distilled water, and make it stabilized so that it may swing 
loosely and the upper part of a sample illuvium may maintain a uniform flat surface. Next, it is 
[ installation and ebullition ] under water bath, and a condensator is heated for 60 minutes. Next, a flask 
is taken out out of a water bath, it cools with a stream promptly, content liquid is moved to the beaker 
made from hard glass, three drops of Methyl Red indicators are added, and it titrates with N/100 sulfuric 
acid. Moreover, a blank test is performed by the same approach and a result is compared, moreover, 
consumption-N/100 sulfuric acid with which obtained result deducted blank test result in principle cc — 
a number is multiplied by 0.31, and it converts into a Na20mg number and is shown. 
[0033] The line coefficient of thermal expansion produced the sample of the shape of a cylinder with an 
outer-diameter [ of 3.5mm ] x die length of 50mm, and measured the average line coefficient of thermal 
expansion for 30-380 degrees C by the dilatometer. Moreover, Vickers hardness impressed the diamond 
indenter to the front face of the glass which carried out mirror polishing the condition for [ 1 00g-] 1 5 
seconds, made the depression, and measured it from the magnitude of the depression. In addition, when 
the Vickers hardness of glass was small and the magnetic head collides with glass, a magnetic film may 
be dented the whole glass. Since this leads to membranous destruction and the R/W failure of data, the 
higher one of Vickers hardness is [ this ] desirable. The crack incidence rate by the minute impact 
performed the above-mentioned Vickers hardness test the condition for [ 500g-] 15 seconds, and 
evaluated it by the rate of the indentation which the crack generated from the top-most vertices of an 
indentation. In this example, ten indentations were driven in and the rate of the indentation which carries 
out a crack was computed. Moreover, since the crack increased with time, one day after driving in an 
indentation, the crack incidence rate was measured. Three-point bending reinforcement was evaluated, 
after starting the test piece of the shape of a strip of paper with a thickness of 0.635x4x40mm from 
each substrate and beveling an end face by #1000. Moreover, in order to evaluate improvement in the 
flexural strength of the glass substrate by etching, after etching about 30 micrometers of each end face 
of the test piece started from the substrate by hydrofluoric and nitric acid and producing a strip-of- 
paper-like sample with a thickness of 0.635x4x40mm, three-point bending reinforcement was measured. 
In addition, KUROKU head speed was considered as a part for 0.5mm/. 

[0034] Consequently, although granularity Ra of a recording surface had [ the sample of No. 1-20 which 
are the example of this invention, the non-strengthened soda lime glass substrate, and the soda lime 
glass substrate that carried out the chemical strengthening ] 2nm or less and high smoothness, Ra of 
the substrate made from glass ceramics had 3.2nm and inadequate smoothness. About the water 
resisting property, each sample of this example had dramatically few alkali elution volumes as 0.2mg or 
less. On the other hand, there was much non-strengthened soda lime glass as 0.48mg. In addition, since 
this approach could not estimate the water resisting property of the soda lime glass by which the 
chemical strengthening was carried out, or crystallization glass, 2.5" was performed in accordance with 
the disk water resisting property trial using the disk itself. 

[0035] The disk water resisting property trial was immersed into 80ml of 70-degree C pure water in 
each glass substrate for 24 hours, and evaluated by underwater concentration the amount of 
components eluted from glass in this pure water. Consequently, Na and calcium were mostly eluted to 
the elution volume of each sample of this example having been 0.6 or less mg/l, and non-strengthened 
soda lime glass was 0.98 mg/l. Furthermore, from the soda lime glass which carried out the chemical 
strengthening, there was an elution volume to which K and calcium exceed 1.0 mg/l. Thus, when there 
were few elution volumes in the disk water resisting property trial of the glass substrate of this 
invention in which 0.2mg or less is shown by JIS-R3502 30 percent or more than that of soda lime glass 
and the chemical strengthening of the soda lime glass was carried out, it was confirmed that a disk 
water resisting property gets worse from non-strengthened glass. Moreover, the disk of crystallization 
glass also had much elution of Li ion, and became the alkali elution volume of 1.52 mg/l. 
[0036] in order [ next, ] to investigate the relation between the water resisting property evaluated by 
JIS-R3502, and the weatherability of the glass substrate for magnetic disks — the constant 
temperature of these glass substrates — the constant humidity trial was performed. The test condition 
was made into 60 degrees C, 90%RH, and 48 hours. That from which "O" and the observation under a 
microscope are not changing at all "x" and the thing which is hardly changing visually in that by which a 
sludge clear to a glass front face is checked, either was expressed with "O" to the result. Consequently, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2007/02/15 



JP,2001-019466,A [DETAILED DESCRIPTION] 



10/11 ^— V 



the crystal with needlelike a chemical strengthening and un-strengthening deposited, and, as for soda 
lime glass, the amount of deposits of a chemical-strengthening substrate became [ many / "x" ] 
especially. When this component was analyzed, calcium, Na, K, etc. have the main glass component 
eluted in a waterproof trial, and were in agreement with the component eluted in the disk elution test. 
The front face of the glass substrate for magnetic disks of this invention was almost changeless, and 
were "O" and "O." the alkali elution volume which will be measured in sample No.4-7, and 9, 10, 18 and 
20 by JIS-R3502 if it furthermore sees in a detail — 0.1 mg or less — becoming — this time — 
constant temperature — in the constant humidity trial, it was O. on the other hand — sample No.1- 3, 

8, and 11-17 and 19 — an alkali elution volume — 0.1 mg — super 0.2mg or less — becoming — 

this time — constant temperature — in the constant humidity trial, it was O. 

[0037] In order for the weatherability as a magnetic disk to have the close relation to the alkali elution 
volume by JIS-R3502 and to obtain high weatherability from this, the value of the alkali elution volume 
measured by JIS-R3502 is judged that it is required to be [ 0.2mg or less ] 0.1 mg or less more 
preferably. Furthermore, it inquired to the alkali component ratio paying attention to this relation. When 
the elution element of glass was investigated, it turned out that Na20 is eluted with glass with 
comparatively many amounts of Li20, and Na is notably eluted by Li with comparatively many glass 
again, then — if O-fold [ Li2 0/Na2 ] quantitative ratio of each glass is looked at — an alkali elution 
volume — 0.1 mg or less — it is — constant temperature — in sample No.4-7 whose constant humidity 
trial is O, and 9, 10, 18 and 20, this ratio was in the range of 0.4-0.6. the range whose alkali elution 
volume is 0.1-0.2mg on the other hand — it is — constant temperature — sample No.1- whose 
constant humidity trial is O — 3, 8, and 1 1- in 17 and 19, the Li2 0/Na20 ratio had become a value 
exceeding less than 0.4 and 0.6. In addition, when a Li2 0/Na20 ratio was less than 0.4, that to which 
Na elution exceeds 0.6 again had remarkable Li elution respectively. 

[0038] When Li2 0/Na20 ratios were 0.4-0.6, there were few alkali elution volumes, and the above thing 
showed that very high chemical durability was acquired. The line coefficient of thermal expansion was in 
the range which is 60 from which problem does not produce each sample to chuck nature with spindle - 
100x10-7/degree C. For Vickers hardness, non-strengthened soda lime glass was [ 71 1 and the glass 
ceramics of 620 and the soda lime glass of a chemical strengthening ] 742. On the other hand, each 
sample of this example showed the high value of those with 700 order, and the soda lime glass average 
which carried out the chemical strengthening. 

[0039] When the crack incidence rate by the minute impact was seen, with soda lime glass, non- 
strengthened elegance and a consolidation article were generated by the crack from the indentation 
top-most vertices of total. In the consolidation article, although the die length of a crack was short, the 
countless short crack had occurred also from other than indentation top-most vertices, and glass was 
finely destroyed in the field in which the indentation was driven in. In the glass-ceramics substrate, the 
crack occurred from all indentation top-most vertices similarly. On the other hand, with the glass 
substrate of this example, a crack incidence rate is 10 - 80%, and it turned out that the crack incidence 
rate is 50% or less, and it has the dramatically excellent crack-proof nature by the case where especially 
20aluminum3 content is 8% or more. When a magnetic disk is produced using the high glass of a crack 
incidence rate and a head collides with a disk front face for a certain reason, a chipping may arise in a 
surface minute part. The head impact test showed that it was rare to cause such a chipping, when the 
crack incidence rate was 50% or less on the Vickers indenter impression conditions for [ 500g-] 15 
seconds. As for this to a crack incidence rate, it is desirable that it is 50% or less. 
[0040] The sample which has not carried out etching processing was 1 65-21 4MPa, and although the 
three-point bending reinforcement of each sample of this example was less than chemically 
strengthened glass or glass ceramics, it showed the value higher about 30% than non-strengthened soda 
lime glass. Since the yield points of the aluminum substrate currently used for the current large quantity 
as an object for magnetic disks are about 100 MPa(s), it is thought that the flexural strength of the 
glass substrate for magnetic disks of this invention is high enough. Moreover, flexural strength is 415 or 
more MPas, and each sample which performed etching processing showed the value more than 
chemically strengthened glass and an EQC. So, it is possible to improve substantially alkali elution of the 
recording surface which is the fault, and generating of the crack by the minute impact, having about the 
same high reinforcement as a chemically-strengthened-glass substrate by carrying out etching 
processing of the end face and beveling side of an inside-and-outside periphery of a glass substrate. 
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[0041] Moreover, with the glass of sample No.3 containing the rare earth oxide of Gd 203 and Er203 
grade, 4, 7, 8 and 1 1, and 14-20, the very high three-point bending reinforcement of 632 or more MPas 
was obtained by carrying out etching processing. This was a value higher than the three-point bending 
reinforcement (506MPa) of the soda lime glass which carried out the chemical strengthening. Next, the 
following approaches estimated reinforcement with a disk substrate configuration of 2.5." After putting 
the annulus ring with an outer diameter [ phi ] of 22mm on the upper part of the inner circumference 
section of a substrate and installing 2.5" in it at the lower part of the substrate of an annulus ring with a 
bore 63mmphi and an outer diameter [ phi ] of 65mm, disruptive strength was measured having applied 
the load to the annulus ring. This reinforcement is called annulus ring reinforcement. The reinforcement 
of a substrate was evaluated by this examining method about the case of the both sides of etching 
existence. 

[0042] In this example, with the substrate which is not etched, although it was 4.5-6.6kgf, about the 
etched substrate, as for annulus ring reinforcement, it turned out that they are 10 or more kgves. In the 
substrate which furthermore contained rare earth, the degree of lifting on the strength was large, and 
the load of 15 or more kgves was acquired. The high mechanical strength was obtained from the above 
thing by etching a substrate. Moreover, by making rare earth contain showed that a still better strength 
property was acquired. 
[0043] 

[Effect of the Invention] The glass substrate for magnetic disks of this invention has a recording surface 
smooth enough, and weatherability is high and has the coefficient of thermal expansion which is 60 - 
100x10-7/degree C. Moreover, a mechanical strength is high and it is the optimal as a substrate 
ingredient of the magnetic disk with which high recording density and high-reliability are demanded. 
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&t>, £fc8%UU:##2-eS£#7X(0^y*f§£ 

owsijt^a^&ao -7t, aii0i*'i7 %£gx.s 
fcs i o 2 <o*i#i:(iim ««gB«a*vh$<fts«iai 

tfBHttfcSo 

[0015] B2 0itt3?5^(oSiit*/h*< Lxmm* 
So ±isai«*^sfeii>fc«: b» o 3 & 6 %«±#*rs-e 

3&iKM55. LfrL 1 5%£e*T^r2-eS£:;*f7 
XOj»l»3g«a*VhS<ft»3Jf>t<x SfclfofcttSMWc 

SStfcOWA, 2 0%£iS*S££?>£i§«W£ 

[0016] z nO«!jq-rsi:, #7*©»»fcffiil 
"fS #5X©S&tt*fl±2-es$fc*j!M6 
S„ fftco. 5%W±#W$-SSi: ; &05(!jm* ,i <i:'3 1 l^ 

*tjas*t-*-Biwj*** < -r s&g# ± 1:, i 

0%£@*Si:#v*<o£jg14tfttU «WttO*^* 

vx^e»na<aso 

[0 0 17] Z r Oa^infSi:, 
[Rj±2-eS#jSI#&So tffcO. 5~4%0«H"P^W 

tt, ^7xo*att^i8*-r*. RaOT-a^nsL 

i 2 0, Na 2 0, Ki0mO7)W)&mfflkMi., 13 

^wmmmm* 6o~iooxio" 7 /vimfe 

±gB9l«*^Sfcii)fcttRtOtf7. 5%tt±^ 
^$.•3, ^tc i 1-1 8%<0©BT*#W2-£S£:i^ 

L^U 2 0%£@*5£f§$il$31$»tf** 

f€Si: hfetc, ^7;^p)©?gai«^7v^ti^S/c 

46, {i«tt<D«^asi7 f -fx^*»5cfc*^ta<* 
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[0018] urcRzoitmmcfrrctz. 7x*fcrta&£atf&£LT*7v a 

£U*KH& Li ! 0^2~7% > Na 2 0#4~15 ?K 1 0%*iS*«fcffifi^K<«:ofe'3, ^XO* 

%, k<o#o~i 5%T'fe§ 0 ma i,o«\ i» iiwtinu $£Lfc^^o»tt^#a<a:«o 

^jgcS-fiifcA^^^/c^ Ki/"tf£tti: 7 0 x l 0"' colf^ L n 2 OiQ^ftfttfl ~5MM%<DS6 

fcfcL i,0^2%*Sn?tt±t3»**^fC< 2 0 3 , Sb 2 03, F, C K ^OiUfiSI* 1 %$T% * 

< , 7 %£jS;L 5 i: L i , O0$tf«tf £ < & t> , Wzk 10 ggtt gttjMK*. »fiS14©SW©fc«>fc: TiO !t 

^JRWS0MR*#*ci:*<ltL<, l 5%*m*.2>t®. JS) 3*HBIlkS?jta*.*i:fctf-C**. 
KJ!M»5i«fttfS<ftt)-r€Si:i:t>^ tf^Xfrfc© [0 0 2 0] 

*§m»tf£<&!3-w\ k*o#i 5%^m^^tis ifmwfmoj&m *fc, *%^<o^«sco}g8iJc-o(/> 

K 2 0OrfHi*A' i ^<^0^-ri/\ £6 1-20) ^Ut^. fcfctfcKOfci&fc:* fcSSft© 
{CL i,O/Na.OtfMJtT»0. 4-0. 6 0KH£ Atf^XgflL 5®M"r X^ffitfv 

*j»-p«afcNa I ooisaa*^<ft»ja<, o. 6 {t^mtLtc^^mm, Rtfieffifttf^xHtf^xg 

zmz-ztL i 2 o©jftti**^<*t)^^o 20 (6*asfcs-r. 

[0019] L n 2 03 T'g^n?>G CI2O3, Er,0 3 f [00 2 1] 

09^y-TKIWfc*fctt» ggxogg^gfe^mjl* [Si] 





1 


2 


3 


4 


5 


£ 
ft 

% 


S iO, 
A I i Oj 
Bt O* 
ZnO 
L i i O 
N a i O 
Ka O 
Gdi 0» 
C a O 
Sb. o> 

Lii0/Na,0 


6 7.4 
5 . 2 

12.9 
0. 9 

1 0. 3 
1 , 0 

2. 2 
0. 1 

0 


6 9. 9 
7 . 5 
10. 4 

2. 1 

3. 7 
6 . 1 

0. 3 
0. 607 


6 1. 7 
7 . 7 
9 . 5 
1 . 9 
3. 8 
6. 0 

9 . 1 

0. 3 

0. 633 


6 6. 7 
7. 9 

10. 2 
1 . 9 
3. 7 
6. 5 

2. 8 

0. 3 

0.569 


6 3. 4 
8 . 5 

10.4 
2. 1 
3 . 7 
6 . 6 
5 . 0 

0 . 3 
0. 561 


Sdfe^Ra [no] 


I. 000 


0. 699 


0.874 


0. 921 


1.054 


JIS-R350Z [lug] 


0 . 17 


0. 1 1 


0. 13 


0. 0 4 


0.05 


(xlO-'/t] 


6 6.0 


6 7.5 


6 6. 9 


6 6. 8 


8 1.0 




6 8 0 


6 8 5 


7 4 5 


7 1 0 


7 0 1 




8 0 


7 0 


7 0 


6 5 


4 0 


fMPa] 


16 5 
4 8 0 


2 0 3 
5 1 0 


2 10 

6 3 2 


2 0 1 
6 5 8 


19 8 
6 0 3 


Cog/I] 


0 . 6 2 


0. 5 2 


0. 5 6 


0. 2 9 


0.19 




o 


O 


O 




@ 


Ckgf] 


4 . 6 
10. 2 


5. 2 
17.2 


6. 6 
18.9 


6 . 2 
1 8. 5 


6 . 0 
1 2. 4 



[0 0 2 2] 



[«2] 



(5) ftffl 2 0 0 1 - 1 9 4 6 6 

7 8 





6 


7 


8 


9 


1 0 


<? 

s 

% 


s i o> 

All Oi 

B, o> 

ZnO 
L i , O 
N a a O 
K* O 
G d i O a 
Era Oi 
Sb 3 O, 


6 9.9 
12. 6 
10. 4 
2. 1 
3 . 2 
6 . 6 
5. 0 

0. 3 


6 6. 2 
12. 1 
10. 1 
2. 0 
4 . 1 
7 . 4 
4. 9 
2. 9 

0. 3 


6 6. 1 
11.9 
9. 9 
2. 0 
4. O 
6. 3 
4. 8 

4. 8 

0. 2 


6 3. 9 
8 . 5 

10.4 
2 . 1 
4 . 2 
7. 6 
3. 0 

0. 3 


8 6. 9 
8. 6 

10. 4 
2. 1 
4 . 2 
8. 6 

0. 3 




LitO/Na.0 


0. 485 


0.554 


0.635 


0. 553 


0.488 


S & £ R a [no] 


0. 9G8 


0. 869 


0. 902 


0.854 


0.722 


JIS-R3502 [m«] 


0. 0 4 


0. 0 5 


0.11 


0 . 0 6 


0. 0 6 


Cno-Vtl 


8 0. 1 


8 4. 3 


8 4. 4 


8 2. 5 


7 8. 8 




6 9 8 


7 15 


7 10 


6 9 2 


6 8 7 




3 0 


3 0 


3 0 


4 0 


4 0 


ffetf&S CMPa] 


19 0 
4 9 6 


2 0 0 
7 8 2 


2 14 
7 2 5 


19 5 
5 12 


19 9 
4 9 3 


Cma/l] 


0. 2 4 


0. 2 0 


0.6 2 


0.38 


0. 2 2 




@ 


© 


o 


® 


© 




4. 9 
12.0 


6. 2 
17. 8 


6. 6 
17.7 


5. 4 
10.6 


6. 9 
10. 2 



[0 0 2 3] 



[313] 



1 



(6) <%m 2 0 0 1 - 1 9 4 6 6 

9 10 





1 1 


1 2 


1 3 


1 4 


1 5 


J* 
ffi 
fife 


S i Oi 

A I i Oa 

Ba Oj 
Z n O 
L i i O 
N a > O 
K> O 
Gd, O, 
E r t O* 
C a O 
MgO 
Sbj O, 


6 5. 9 
8. 3 

10. 1 
2. 0 
4 . 1 
6. 4 

2. 9 

O. 3 


6 1.6 

8. 6 
10. 4 

2. 1 
1 . 0 
6. 4 

9 . 7 

0. 3 


5 6. 1 
16. 2 
8 . 1 
3. 0 
2 . 5 
13.0 
2 . 0 

0. 1 


6 6. 1 
11. 9 
9 . 9 
2. 0 

6. 3 
4 . 8 
4. 8 

2 - 0 
2 . 0 
O . 2 


6 4. 9 
8. 5 
10. 4 

2 . 1 
1 . 2 
8 . 6 
1 . 0 

3. 0 

0. 3 




Li»0/NaiO 


0. 641 


0.156 


0. 192 


0 


0. 140 


ll*Ra [nm] 


0.861 


0. 627 


1.216 


0. 848 


0.778 


J1S-R3502 fa) 


0. 17 


0.18 


0. 1 6 


0.15 


0.17 




6 6.0 


8 5. 6 


8 6.4 


8 0. 5 


7 6. 8 




7 0 0 


7 0 2 


7 12 


7 10 


6 9 8 




4 0 


4 0 


2 0 


3 0 


4 0 




19 8 
6 8 2 


18 9 
4 16 


2 10 
5 11 


2 0 2 
6 5 9 


2 11 

7 2 1 


fa/1] 


0 . 5 0 


0 . 5 8 


0. 4 4 


0 . 5 9 


0. 5 8 




O 


O 


O 


O 


O 


Pm§£S Ckefl 


5 . 7 
1 5. 4 


4. 8 

11.2 


6. 3 
1 2. 5 


6. 0 
16.0 


6. 2 
17. 4 



[0 0 2 4] 



[i§4] 



(7) 



11 
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12 





1 6 


1 7 


1 8 


1 9 


2 0 


m 
% 


SiO, 
Ali O i 
B t O, 
Z nO 
Z r O, 
L i a O 
N a » O 
Ki O 
Gd, O. 
Sb, O) 


6 0. 3 
1 4. 4 
8 . 3 

4. 2 

5 . 5 
5 . 0 
2 . 0 
0. 3 


5 9, 3 
14.4 

8 . 3 

1 . 0 

4 . 2 

5 . 5 
5 . 0 
2. 0 
0. 3 


6 8. 1 
14. 1 
8 . 1 
2. 0 
1 . 0 

3 . 1 
6 . 4 

4 . 9 
2. 0 
0. 3 


6 8. 1 
14. 1 
8 . 1 
2. 0 
1 . 0 
2. 7 
6 . 8 
4 . 9 
2. 0 
0. 3 


5 8. 1 
14. 1 
8 . 1 

2. 0 

1 . 0 

2 . 8 
6 . 7 
4 . 9 
2. 0 
0. 3 




Li.O/NniG 


0. 764 


0. 764 


0. 484 


0.397 


0.418 


® & £ R a [fun] 


0.810 


0.810 


0. 750 


0. 802 


0.812 


JIS-R3502 tog) 


0. 1 1 


O. 1 3 


0.0 6 


0. 1 1 


0 . 0 9 




8 2.3 


8 1. 0 


8 2. 0 


8 0. 6 


8 0. 8 




7 0 0 


7 0 3 


7 15 


7 12 


7 16 




9 n 




1 0 


2 0 


1 0 




19 0 
7 5 0 


2 0 1 
6 3 5 


19 5 
7 12 


19 7' 
7 2 4 


2 0 1 
7 3 1 


[«g/i] 


0.5 1 


0. 5 0 


0.3 8 


0. 5 4 


0.38 




O 


O 


® 


O 


© 


RSM fkgf] 


5. 0 
16.5 


5 . 5 
16. 9 


6. 2 
16. 2 


5. 6 
17.0 


5. 5 
17.4 



[0 0 2 5] 
K5] 















SiO, 
Alt Oi 
C a O 
Mg O 
L i t O 
Nat O 
K* O 


7 5. 5 
1 . 0 
7 . 5 
3. 0 

12.0 

1 . o 


7 5. 6 
1 . 0 
7. 6 
3 . 0 

12. 0 
1 . 0 


7 6. 3 
8. 9 
0. 5 
0. 6 

11.6 
3- 2 




0.714 


0.765 


3.242 


JIS-R3602 [mg] 


0 . 4 8. 






[X10- T /t] 


8 5. 5 


6 5.3 


9 8. 2 


try*— ;*^a£ 


6 2 0 


7 11 


7 4 2 




10 0 


10 0 


10 0 




14 8 


5 0 6 


3 2 2 


[«B/1] 


0. 9 8 


1.05 


1 . 5 2 




X 


X 






4 . 5 


17.9 


9. 4 



[0 0 2 6] M^No. 1~2 ooar^xgftiiWT© 

30 0!)i8J8£AftT\ WM'JF't'T- 1 6 0 0°CT'ig ft?L/c„ H 

ifi$T'#5X7a -y^SM&U &?&LT£#Bl*>« 
[0 0 2 7] iW;A*7Xyn>yi'Sfil. 

»<D^"Stt> 2. 5" OfM'X^ -r*b"5^S6 5m 
rru rtSUOram, ff£0. 6 3 b mmfc Lfc 
Ctl*2. 5" f^X^f?) o 
[0 0 2 8] H1C, #fSEfc<fcS«$57VX**lfi0 

y *8M 2, 'tsfgia^gp 1 3. #m«s2sasi 

50 
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V KftVfcLRSfcfcB-rSfcttOC S S (Contact Start 
Stop) V-yX'&t), x^X^^^Jgfig^tlTV^c '& 

[0 0 2 9] @2(is ##gW-<fc3$m7^X7ffl#7 

rcosftTteflistt'tvs. b^l*v^ tf^xgfe io 

l oortgi8iffitra«t£:4 5° fcffiffiOSftfcrtSI?"* 
[0 0 3 0] H3ti. tfc«pofb*38Kb^7^o»fiBS 

mS'PBS^tfc<k-5ta®gPtiK'i'^->'ilSA^<, # 20 

[0 0 3 1 ] 04{±, Jtt«HOlSft<l:^77 > ©»rffi«S 
0T*&6„ fcil{b#7X3 OOrtaPfCtt, ¥*5«MI0. 
05-0. 1 0fim©Httfttt?3 lJtMHftSftT^ 
5„ ^©aMgStfrfS 1 ©#&£«!:»). *5-y*©J«g 
*«JU *©IS£«ti«§IIfi*Ki&TV3. 

a, »*tt, MMBBttft #7Xg««ffi©i£y*- 

HjSfttfaueSWFO^Tfffffi t fco Rait 30 

[0 0 3 2] #7Xe#©»*tttts J I S -R 3 5 0 
2£g^<73i4T*7;U£U@ffi»*$J£Lfc„ J I S- 
R 3 5 0 2t«fcS7/l/*UJSWWIS^fcO^TlttWrS 

tt«La*6®5W*. <1^7;l/Y 4 20^m5; 

iljIU 5 0/im{;:£:H$S*t2©®* 

#5?7i^9> X^;U7/t/3-n> (9 9. 5g*%) 
T*fi<ffioT«H»£l£^fc&. Ml 2 5°C©£fW<? 40 

3o»mwaiu x'>y-^-*T*«#-r5o £©£? 

RSiESlK**)**. A^77Xn^t^464 0 
cc©»J<£An, l 0»Btt±8Ml3WB1'tfia*L 
ftM^77^nt!SAU 2£K l 0 c c©s@ 7 J< 
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U K*&^«3»*iiq*., N/10 011T* 

tfit?|^ftN/l OOWOjfitccRtO. 3 1* 

NaiOmgatJftJILT^f. 
[003 3] MNB9ftft& fl£3. 5mmxg?5 
0mm©ntttt©ttft«ffHU 0 
-3 8 orm©7^llilWmMK«fl£L^. £fcl£ -y 

FEE?* 1 0 0 g - 1 5»H©*frT?ffl;taLT[!!]#*ft 

rcfcfft, iKffiiAWxcrtiHi^LSdii^*^ 

S. C©Cfctt, §l©m 7*-*©«*»£tt*K:o 
&tf5fci&, lf-y*-x«JKttB^S-5^»SL^. fit 

/j«t<t2 ^7 ±tEe>v 

i^5 00g-l 5g>H©*ft-?fTl/\ 

^77^ *^4 L/cE)g©f J-a-T'fPffi Lfe„ *^fifiMT* 

i±, ibs*i ojKfrs&sk ^7'y^-rsEjs©*!^'* 

SffiLfco ^7'y^tt«I^Wt*finL.T^<© 
X\ mWktt^ThhK 1 Bftfc * 5 -v f b 
fc 0 H^fttfautli, §SS*^PS 0. 6 3 5 x 4 x 
4 0mm©®W#©f*BjT-£9J!JttiU ffiffi*# 1 0 0 

77Sffi©fttf3ss©[p]±*i¥fffli-r§fci6t, affile. 

0 tfj LfeiSSfr©**S®*»ffiK-P« 3 0(imX7f 
>^"LTJP?0. 63 5 X4X4 0mm(DSi^fl?: 

FXtr-FttO. 5mm/»tLfe„ 
[0 0 3 4] *©*§£, *^©H»-efe a N o . 1 
~2 0©S«EHf\ «©V-^7^Ai37Xllfc. 

fk^kLfcv-^-r^^7xss«{±> iaiiffi©*fl 

7sSS^© Rat±3. 2nmt ^ft^+^Tfe o 
/co JBzK14tiiov^Ttt, *^Sfi09©*iit«ti7;l/*U}S 

T, *®{k©y-^7^A^7X{±0. 4 8mg^ 

A^vX^ H B B fk^7X©ii7ktt{±ffPffiT^*^©T?\ 
2. 5" r-f 77^-©t©*ffl^/c, xi-X^HyKttM 

[0 0 3 5] -r-fX*ffi*ttHi&tiU ^7^ifi*7 
0 °C©M7K 8 0 m 1 2 4 Bf r^S« U d ©>fizk* 
?5f77.jb^«mLfe««'S**'t'©»fi-effflliLfe. * 
©fS», *^fiS^J©^IS^©?§Hi«« 0 . 6mg/ltt 
TT* o fc©t*f U *?^<k© V hft r 7Xti N 
a^C a*^<jgfflL0. 98mg/lT6ofe. «6 
K» {k^3t{kLfc7-^v^A^77*^ti. RCa 
*M. 0mg/l$i^5ffll^ofe. C©ck5 
J I S-R 3 5 0 2T-0. 2mgWT*^-r*^ 
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fai' Bzktetf lift:* ZZ£ tfWfrib h ftfco S fc, 

1. 5 2mg/l<D7;l/*U?gmMi:&o/co 

[0 0 3 6] 3fcfc, J I S-R 3 5 0 2 T-fffiS^tl^W 

s<z>rc*b, ens ^7XSfi<DiiffliiS3i«*fTofeo 

HK*fr«\ 6 0°C, 9 0 96RH, 4 8*Mfcbfe. IS 10 

o" . muMTKm^>mMx^±<mtLx^^ 

ogffitt^ fii:A^{ktffc<, " O" J f>" ©" 20 
Tea ZZlcWMlcfrTfrZt, imno. 4-7, 9s 
10, 1 8, Rtf2 0T?tt, J I S-R3 50 2T« 
?ttS7;b#yiSm»#o. l mgWT^&t), 

tusniSiaftfcfci^TO-efeofco -7?, ispno. 
i~3, 8, i i~i7, m*i 9X'it7^vmmm 

#0. lmgSO. 2mgKTi^^ tO^tHSH 

[0 0 3 7] COCfcfrB, «&-r>X*fcLT©iif« 
tttt, J I S-R 3 5 0 2K*S7;b*U»a«fc«» 
fcM&tf&D, Bl,*fflS1££f#Sfc«>fcH\ J I S-R 30 
3 5 0 2tC c fcoTS'M*n^7;l/^U?gt±ia©fI* ,i 0. 
2mgJ^T, «fc!)»3:L<ttO. lmgWTT?**Ci: 

A^gtfjif^nSo £&fcc©ra&*7;i/*yj*#it 

L h0i!!)%W^*7XT'liL i tf, SfeN 

ZCttffifr-Dfco ?CT'M7X(DL i 2 0/Na 2 0 
S*tt*jlT#3i:* 7;P*UiSW*^0. lmglMT 
T-fet), HS©saitobWfe«H»No. 4-7, 
9, 10, 1 8, Rt>"2 OT'ti, COittfO. 4-0. 40 
6<D85B££ofc 0 -?3, 7>l/*Ui8fflStf0. 1- 
0. 2mg£>fBHic&D, 1IiaiIgtitt&tfOt?&*68ft 
No. 1-3, 8, 11-17, Rtfl 9T*{±, L it 
O/NaeOJttfO. 4*$tX«0. 6£iS;i3{iI£& 
oTt/*fe. &*5L i 2 O/Na 2 Oj±#0. 4*Si©Jg^ 
tiNaJSWAV STzO. 6£S;i£ feOtt L i Sfflff* 

[0 0 3 8] fiUOilt^S, Ll«0/Na.Otttf 
0. 4-0. 6T*&tUf, 7;l/#Ur§HiStf / >&<, * 
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Btf£C4l^6 0- l 0 0 x l 0" 7 /TCOlBHfcfco 

6 2 0, fb^SSfkOV-^^A^Xtt? I l, 
(t^7.tt7 4 2T'feoft 0 CltUcftLT, «10IJ<D 
«Kf*T?tt7 0 ffc¥3MfcLfcV-*5-r2» 

[0039] m'bffimc&z? ? v t, 
v- 9=j 4i± mTsQ&imm. t &£®<d& 

mttl 0-8 0%T*&0, <#£A lzO>£*r*#8%W 

SRlfilttjb^S. -N-y FHWiflRfcJ: D, 5 0 0 g - l 
5 g>HO tT -y #-Xff?Bl|jn£#T** 9 -y 5 

5 0 %WTT*S C 
[0 0 4 0] **St0!I<O#i*ROHjSffitfaififcl:, x<y 
3-ZS998M* LTV^^im^ 1 65~214MPaT 

o, mtit<r>v-9 : 7>< hfi^T.&Kt 3 o%sasvMi 

t'«S7;l/5- , 5AStE<0»tt^t9l OOMPa^S 
fit LfcaWBMi, fttf SSlfitf 4 1 5 M P a W±T*$ 0 , 

v xm&oftnmtoim'pftw. k> wz^v *>9mw? 

oo, * <D^MiT?*Si5f»ai©7;l/* USHHPffeMW 
«fc 5 ^ v -y ^7 ©«^*^BK«#-r ^> c t *^^T*fe 

So 

[00 4 1] SftGdtOs, E riOj^CtifcUSISfbftl 
^LftttfiNo. 3, 4, 7, 8, 1 1, Rtfl 4 
-2 0<D#^7.-c?{±, x»yf-y^jaa-rsci:tJ:D6 
3 2MP a«±i:l^?fSKI^=MfaiSW^n 

fee ctittfl^aWkLfcy-^-fAif^^oHriiifttf 

(5 0 6 MP a) <fc»JfcHHff?&ofc. ^fC2. 
fffiL/Co 2. 5 " SfiOrt'giaJO±aJti:, ^2 2mm 
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[00 4 2] ^MIIfcfc^T, X7f>^LT^ 
SST? {4R«3fiStt 4. 5-6. 6kgft'$o 
x«y^y^L/cSfitOV>Tt± 10kg f fcUilC&oT 

tt, 5fig±#<Dffi£v>tf**<> 15kg f W±©f5S 
[00 4 3] 
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* -\-%ic¥ffi%tmm*ft*>. mmmm<. 6 o~ i o 
oxio" /v(ommmmn-Do *itwwtm&ifi 

[01] K^rwX^ffl^f^XSfiOTiSH. 

[02] m&T4x*mx7x&iR<opimmfnmmm 
im 3 ] {t¥Wkm7.<ommmmo 

io [0 4] gJHfctf^xoWiBflim 

l o-KSx-cx^ffl^xSfe i 2-RaB^-vy* 
& l l 4-^Wf8ES8lk l 5-* 

+ >77-g|5, 2 0-ffc*!Wk*5X, 2 1 -{b¥3Mfc 



[01] 



[02] 





[03] 
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31 30 
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(72)&l»f mill * (72)fgBM RH ^ 

3?«»0iiU*#^Wr-tTB 1 # 1 3 ft &tt» Bftffi*#jW-t:T@ 1 S 1 ^ 
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(72)58#f km m 

(72)«W# KM 

*WJJIIBM^BmHJfi»2880fM!l 

(72)?gBJ§# 

^SiS^i»mHfll2T@7#l^ B#* 

(72)£BH# /Jv|* E!£ 

^«R^!*mBta2Tg7#l^ B** 



F #-A(##) 4C062 AA18 BB01 BB05 DA06 DB03 
DB04 DC03 DC04 DD01 DE01 
DE02 DE03 DF01 EA03 EB03 
EB04 EC01 EC02 EC03 EC04 
ED01 EE01 EF01 EG01 FA01 
FA10 FB01 FC01 FC02 FC03 
FD01 FE01 FF01 FG01 FH01 
FJ01 FK01 FL01 CA01 GA10 
GB01 GC01 GD01 GE01 HH01 
HH03 HH05 HH07 HH09 HHll 
HH13 HH15 HH17 HH20 JJ01 
JJ03 JJ05 JJ07 J J 10 KK01 
KK03 KK04 KK05 KK06 KK07 
KK08 KK10 MM27 NN30 NN33 
NN34 

5DO06 CB04 CB07 DA03 FA02 



